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Abstract 
This paper introduces a design of detection instrument according to the principle of photoacoustic spectroscopy based 
on the ARM to test trace gases in transformer insulating oil. This detection instrument makes embedded ARM9 as its 
center. On the principle of photoacoustic spectroscopy, using microcontroller, lock-in amplifier to achieve the 
detection of trace gases in the transformer insulating oil. The article presents the hardware design method of the 
instrument, and validated by experiment. The instrument has the features of simple structure, easily operate, real-time 
online testing and so on. It has important significance for the maintenance of the transformer. 
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1. Introduction 
The Transformer is an important part of the power system, the operation reliability of transformer is 
closely related to the stability and security of electric power system. The dissolved gas in transformer 
insulation oil reflects its operating state, so transformer insulating oil in-line detection of trace gases on 
the transformer is important to transformer fault prediction and remaining life prediction [1]. 
Embedded ARM has fast, working longer hours, save costs and volume and other advantages. It is 
rapidly into industrial control field. Embedded ARM system is used in photoacoustic spectroscopy testing 
instruments can make the measurement result more accurate, shorter detection time, easier to do network 
monitoring. Application embedded operating system makes software development work more regulations, 
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easier to implement modular programming, and easier to solve the previous product development of many 
of the existing security reasons [2]. In this design, embedded ARM systems use Samsung S3C2440A type 
of processor, Window CE operating system, Use Microsoft Visual Studio 2008 application software as 
program development platform. Application realized a good human-machine interface, fast operation, etc. 
2. The design of trace gas in oil detection instrument based on ARM 
2.1. The principle of photoacoustic spectroscopy 
Under the irradiation of light, material absorbs light energy and do not produce shine and 
photochemical reactions and be inspired to high-energy state, back in the process mainly  no radiation of 
transition, material absorb light energy into heat, leading to the object to be able to increase the thermal 
expansion, if the strength of the incident light is modulated, the resulting changes with time of elastic 
stress wave that is the photoacoustic signal, photoacoustic spectroscopy is by measuring the sound waves 
to obtain the material of optical and thermal information in a detection method, also get light and matter 
interaction properties. According to the RG theory of photoacoustic spectroscopy, the expression of the 
photoacoustic signal can be expressed as [4]. 
( ) ( )0gp k Iβ λ λ=   (1) 
Among them ( )0I λ is the incident light intensity, k  is the constant of proportionality of the 
photoacoustic cell structure, chopping frequency and microphone sensitivity on the constant of 
proportionality. ( )β λ is the sample optical absorption coefficient. gp is the photoacoustic signal strength, 
by detecting different wavelengths of ( )β λ ,can get tested materials photoacoustic spectroscopy. The 
detection method of photoacoustic spectroscopy has: detect speed, and callow online testing; testing 
stability and do not consumed and contaminate the sample; test results interference, high precision; the 
test results anti-interference and high precision. 
2.2. The Composition and characteristics of trace gas in oil detection instrument based on ARM 
As shown in figure 1, the trace gas in oil detection instrument based on ARM Including laser, chopper, 
photoacoustic cell, the signal processing circuit.  
In the instrument embedded ARM is core part of the system. First, the embedded ARM through the 
serial control the laser, chopper, photoacoustic cell and other parts. It controls the state of the laser 
switches to achieve its on or off. It controls the chopper‘s frequency to base on the upper algorithm to 
realize the frequency of different chopping experimental test. It controls the state Photoacoustic pool 
pump, to achieve the replacement of the test samples of insulating oil. Second, embedded ARM through 
the AIN0 pins receives analog signals the signal processing circuit output, and changes the analog signals 
into digital signals. The system designs the AD conversion process of embedded ARM to achieve a fast 
data acquisition. Embedded ARM sent to signal processing circuit chopped frequency, chopped frequency 
as standard frequency of phase-locked amplifier. Embedded ARM through the collection data to paint 
data curve in touch screen. Finally, the embedded ARM will send the collected data results to the 
monitoring network. 
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2.3. Chopper Design 
As shown in figure 2, Microcontroller receives the command of the embedded ARM, controlling the 
DC motor turning. The design uses a Hall sensor as a speed feedback signal, to achieve the number of 
revolutions of the motor closed-loop control. It can precisely control motor speed. 
 
Fig. 2. Block diagram of chopper  
As shown in figure 3, Chopper used STC12C5A60S2 microcontroller, L298N driver chip, MAX232 
communication chip. The circuit also includes interface of the Hall original, the display interfaces. The 
chopper uses 5V DC motor, easier to achieve uniform rotation. 
 
Fig. 3. The actual chopper circuit  
 
Fig. 1. The Block diagram of trace gas in oil detection instrument based on ARM  
2.4. The Design of Photoacoustic Cell and the Signal Processing Circuit 
Photoacoustic cell is mainly made up by the cell, oil pump, microphones parts. Photoacoustic cell 
designs as the longitudinal resonant photoacoustic cell, cavity designs as the cylindrical. Microphone is a 
key part in collected photoacoustic signal of photoacoustic spectroscopy detection system. It is the device 
changes photoacoustic signal into an electrical signal [5].  
This selection of the microphone on the 1000-5000Hz frequency range of sound waves can be detected, 
and the frequency response curve is very smooth in 2000Hz-1.5 KHz range, the sensitivity can reach 
22mV/Pa. 
Photoacoustic cell The laser Microphone 
Signal processing circuit Monitoring network 
The chopper
Embedded ARM 
Grating encoder Motor Hall sensor 
MicrocontrollerEmbedded ARM Display 
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Signal processing circuit is mainly made up by Preamplifier circuit, Lock-in amplifier, Band-pass filter 
circuit. Preamplifier circuit has two functions: On the one hand, it pre-amplified the signal emanating 
from the microphone. On the other hand, it filters the amplified signal by bandpass filter. In this paper, 
based on the amplifier adds a band pass filter circuit. Because single-stage magnification too high will 
cause the system self-excited, the system uses two amplified. Detailed schematic diagram shown in 
Figure 4. 
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Fig. 4. Two amplifier schematic 
This paper the preamplifier circuit design magnification for 150. When the resistance of 4R is 10K, the 
resistance of 1R is 1K, We know from the formula 1 4 1U R R= , 1U is 10. When the resistance of 7R is 15K, 
the resistance of 6R is 1K, We know from the formula 2 7 6U R R= , 2U is 15, From the formula 
0 1 2U U U= we can calculate last this paper design the preamplifier magnification for 150 times finally 
meet the design requirements. 
As photoacoustic spectroscopy is trace signal detection, usually the collected photoacoustic signal 
mixed with a lot of noise [6]. Since photoacoustic spectroscopy generated in the process of photoacoustic 
signal is very weak, while the noise and interference is relatively strong, so the detected photoacoustic 
signal should be amplified and filtered to filter out noise outside the passband and interference. Reference 
signal provides a square wave or sine wave with the same input signal frequency. Phase-sensitive 
detection’s function is multiplication the input signal and reference signal, resulting in the input signal 
and reference signal and the sum or difference frequency signal, the subsequent low-pass filter is the role 
of filtering sum frequency components, then the equivalent noise bandwidth is very narrow, very strong 
suppression of the input noise. Input signal through the phase-sensitive detector and low pass filter after 
the AC signal into a DC signal, DC signal amplified by DC amplifier can satisfy the main requirements of 
the system. The signal processing circuit output signal is the same analog signals with the chopper 
frequency. Figure 5 is the diagram of lock-in amplifier. 
 
Fig. 5. The diagram of lock-in amplifier 
3. Experimental result 
This experiment is the application of the trace gas in oil detection instrument based on ARM to detect 
trace gas CH4. Table 1 shows the Experimental environment. 
Figure 6 shows the interface the trace gas in oil detection instrument based on ARM is collecting data, 
we can see the embedded ARM acquisition of AD voltage  value edit box that is 774, corresponding to 
3.78V analog voltage. Data edit box number displays data number. Figure 7 shows the curve of the trace 
gas in oil detection instrument based on ARM plotted according to the collected data. The horizontal axis 
of the curve is the timeline, each scale for 5ms. Vertical axis is the voltage axis, each scale approximately 
for 167mV. 
Table 1.  Experimental environment lists 
PSD LPF Signal channel Phase sensitive detection 
Reference channel 
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Experimental Environment Project Specific parameters
Test substance CH4 gas 
Matter concentration 100μL/L 
Laser wavelength 1653.72（nm） 
Chopping frequency 20(Hz) 
Magnification 150 
 
            
Fig. 6. The data collection interface                                                      Fig. 7. Data mapping results 
Table 2.  Experimental results list 
Experimental results project Specific parameters 
Measuring time 30(s) 
Average voltage signal 3.9(V) 
Whether dose signal smooth Yes 
Whether dose oil contain CH4 Yes 
It can be seen from the result the trace gas in oil detection instrument based on ARM has achieved CH4 
gas detection. 
4. Summary 
Experimental results show that the trace gas in oil detection instrument based on ARM can detect trace 
gases dissolved in oil. For further quantitative analysis of trace gases lays the foundation. 
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